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@ Implantable tubular proatheala. 

@ The preaent invention providea a sofl-tiasue 
prosthesia (10) which ia fbm>ed from a tubular 
textile substrate (2) and a liner (4). The liner (4) 
is affbced to ttie Intraluminal surface of the 
tubular textile portion (2) of the soft-tissue proe- 
thesta to fbmn a fluM-tight barrier on the In- 
traluminal surface of the prostheaia (10). The 
liner (4) Is preferably Ibmned from a polymer. 
Thus, the soft-tissue prosthesis (10) fonmed m 
accordance with the present invention pravidea 
ttie advantagea of both a textile prosthesis and 
a polymer prosttiesis. 
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BACKGROUND OF THE INVENTION 

1. of th# Invntfon 

The present invention relates to an implantable 
tubular prosthesis having a textile substrate with a 
f Iut<i-ti9ht microporous lining. 

2. Description of the Prior Art 

Tubular prostheses are comnnonly used as vas- 
cular grafts to replace danraged or diseased veins 
and arteries. To nrwudnr^ke the effectiveness of any 
prosthesis, it is desirable that the prosthesis have 
characteristics which closely resemble that of the 
natural body lumen which it is replacing. 

Presently, conventional tubular prostheses and, 
more specif icalty, vascular grafts ara formed by eith- 
er weaving, knitting or braiding synthetic f 2>ers into a 
tubular structure or using a polymer such as polyte- 
trafluoroethyiene to create a tubular structure for use 
as a prosthesis. Tubular textile strxjctures have the 
advantage of being naturally porous, which allows de- 
sired tissue ingrowth and assimilation into the body. 
Porosity must be balanced to allow for ingrowth of 
surrounding tissue, yet minimize leakage during the 
initial implantatton. Attempts to control porosity and 
provide a suffteient fluid barrier have focused on 
tighter stitch construction such as knitted or woven 
double-veksurs and biodegradable natural coatings 
such as collagen or gelatbi. While these grafts sought 
to overcome the difficulties In achieving the porosl- 
ty/fluld-tight balance, they failed to adequately ad- 
dress the natural tendency of tubular structures to 
kink or collapse when the graft is twisted or bent dur- 
ing or subsequent to implantatton. Thus, the prior art 
soluttons to the porosity/fluid-tight balance left unan- 
swered the problems of kinking and overall handling. 

One convonttonal solutton to the kinking and col- 
lapsing problems has focused on the reinforcement of 
the prosthesis walls using reinforcing fibers, rings, or 
bands dramrforentlally placed on the tubular struo- 
ture. Additfonal reinforcement of this kind, however, 
has the disadvantage of reducing the radial and/or 
longitudinal compliance of the graft due to the in- 
creased stiffness of the reinforcing member. A reduo- 
tton in compliance reduces the area through which 
bfood can flow, thereby compromising the at»1ity of 
the prosthesis to adjust to body conditions and per- 
form naturally. Addittonally. reinforcing members are 
generally made from soiU structural materials which 
cannot be penetrated by cellular ingrowth from sur- 
rounding tissue and may even cause the erosion of 
the surrounding tissue during contractk>n. 

Another nwthod of increasing the kink and crush 
resistance of textile grafts is to crimp the graft. i.e., 
longitudinally compress the tubular structure. Crimp- 
ing ie generally described in U.S. Patent No. 



3,142.067. While crimping serves to add a dimension 
of kink and crush resistance to the graft, the Intralu- 
minal surface fonmed by crimping includes peaks and 
valleys which crsato hemodynamic turbulence within 
5 the graft as blood passes therethrough. This turbu- 
lence affects the rate of flow and the peaks and val- 
leys fonmed on the intraluminal surface contribute to 
excessive thrombus formatnn and deposition of pla- 
que. 

10 Another disadvantage of presently available tut>- 
ular textile prostheses, in particular woven and braid- 
ed grafts, is that sutures tend to pull out or tear the 
fobric thereby making it difficult to attach the prosthe- 
sis to the existing body lumen and to prevent leakage 

15 at this junction. Furthermore, textile tubular prosthe- 
ses formed from a synthetic yarn tend to have ends 
of the tube which easily ravel. Once the ends ravel or 
fray, suturing to the existing body tunwn becomes ex- 
tremely difficult 

20 Microporous tubing formed by stretching polyte- 
trafluoroethyfene (PTFE) has also been used as Inv 
planteble prostheses and especially as vascular 
grafts. PTFE porous tubes aro oonskjered by some 
to be superior in certain respects to conventional 

23 prostheses made of knitted or woven fabrics. The 
stretched or expanded PTFE tube has a microfibrous 
structurs defined by the presence of nodes inter-con- 
nected by fibrils. While PTFE grafts have the advan- 
tege of being generally flukl-tight without the use of 

30 pre-dottlng or specialized coatings, theee grafta 
have limitatfons In their tear and tensile strength and 
compliance properties. PTFE grafts often require 
wrapping with a reinforcing support film to improve 
undesirable dilatk>n. Reinforcement materials tend to 

35 impede the ingrowth of tissue necessary for rapkS 
healing. In additfon, PTFE grafts tend to be non-con>- 
pliant as compared to textile grafts and natural ves- 
sels, thereby lacking many of the nrwchanical proper- 
ties advantageous to textile grafts. 

40 From the prevkxjs dlscussfon it Is apparent that 
both conventional textile prostheses and PTFE pros- 
theses have respective benefits and disadvanteges, 
but neither offers properties which solve aU of the 
aforementioned problems. 

45 Accordingly, it would be advantageous to provide 
a new and improved implanteble tubular prosthesis 
which combines the best attributes and properties of 
each of the conventional grafts. More speciffcally, it 
wouU be particularly desirable to form a prosthesb 

so whfoh has the foltowing characteristics: an outer sur- 
face porosity which encourages tissue Ingrowth Into 
the prosthesis; ravel and fray resistance for better su- 
ture retention and teilor^ longitudinal compliance 
for ease of implantetlon, sizing and natural vessel 

55 simulatkMi; and a fluid-tight lumen without the need 
for pretreating. ooating or prs-cfotting. 
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SUMMARY OF THE INVENTION 

The present invention addresses aforementioned 
the problenns associated with the prior art and pro- 
vides a soft-tissue implantable prosthesis in the form 5 
of a composite structure including a textile substrate 
and an Integrated polymeric liner. The textile sub- 
strate includes an intraluminal surface having the 
liner affbced thereto, thereby rendering the tubular 
prosthesis fluid-tight Accordingly, the outer surface io 
formed by the textile substrate has the advantage of 
sufficient pore atee to enhance ti9?ue Ingrowth and 
promote healing as well as other advantages associ- 
ated with textile prostheses, such as flexibility and 
kink resistance. The liner provides a smooth, fluid- is 
tight lumen to enhance fluid flow and which is-made 
from a polymeric material which is naturally antith- 
rombogenic 

The liner fonmed In accordance with the present 
invention Is preferably formed from a polymeric ma- 20 
terlal. Typical polymers for use In making the liner In- 
clude, but are not limited to polytetrafluoroethylene, 
urethanes, silicones and polyesters. Preferably, ex- 
panded polytetrafkjoroethylene is used to form the 
liner thus creating a microporous structure. The liner 25 
wall thickness need only be thick enough to provide 
a fluid-tight barrier to the intraluminal surface of the 
textile substrate. Thus, liner wall thicknesses are pre- 
ferably thin and on the order of about 10 to about 50 
microns. 30 

The textile substrate formed In accordance with 
the present inventkan may be made by weaving, knit- 
ting or brakjlng yarns to fonm a tubular structure. In 
the preferred embodiment the composite prosthesis 
including the textile substrate and the liner is heat 35 
cofKlitioned to fuse the liner to the textile substrate. 
Thus, in one embodiment the textile substrate is 
formed from fibers having a melting temperature and 
bonding compatibility substantially similar to a mate- 
rial fonnlng the liner. 40 

In an aitarnatlve embodiment, the textile sub- 
strate may indude a fusible fiber having a tow melting 
temperature, the fusible fiber flowing onto the liner 
when melted for securing the liner to the textile sub- 
strate. In the ease where expanded PTFE is used to 43 
form the liner, it is preferable that the fusible fiber 
have melt flow propertiee which allow the melted fiber 
to flow into the porsa of the liner to secure the liner to 
the textile substrate. 

In yet another embodiment, the textile substrate so 
may be formed from any known fiber and the liner 
may be affbced to the substrate using an adhesive, by 
sewing the components together or by any other 
nrechanlcal coupling means. 

The textile substrate formed in accordance with 55 
the present invention may be formed by warp knitting 
to create a velour surface. The loops forming the ve- 
lour surface are prsfarably on a the exterior surface 



to create a single-velour fabric Stngte-velour fabrics 
have many favorable properties with respect to por- 
osity, compliance, and suture retention. 

Furthermore, the textile substrate n^ay be formed 
from yarns, rovings. tapes or other stranded materi- 
als. Some of the yarns may be braabsorbable while 
other yarns are merely biocompatible. Bioabsorbable 
yarns are preferably used to create an initial poroeity 
different from the porosity once the bioabeorbable 
material has been absort>ed Into the body. For exam- 
ple, once a btoabsorbable yarn b absorbed Into the 
body, a vokl or pore remains in Its place. Addittonally, 
the yarns used to form the textile substrate may be 
flat, twisted, textured or preshrunk. 

The invention is also directed to a process for pre- 
paring a soft-tissue prosthesis. The process includes 
the steps of winding a polymer over a snrxwth nundrel 
to form a cylindrlcally-shaped liner, positioning a tub- 
ular textile substrate over an outer surface of the liner, 
heating the liner and textile substrate to a tempera- 
ture sufficient to melt a portion of one of either the tex- 
tile substrate or liner and cooling the textile substrate 
and liner thereby fusing the liner to the textile sut>- 
strate. 

In one embodiment the textile substrate may be 
formed from a material which has a similar melting 
temperature and bonding compatibility to that of the 
liner. In an alternative embodiment, the liner is formed 
from expanded PTFE and the textile substrate in- 
cludes a melteUe yarn such that the nrK)lten yarn 
flows Into the pores of the liner and, when cooled, fu- 
ses the liner to the textile substrate. 

The present inventkm Is also directed to a method 
of repairing a diseased blood vessel of a patient The 
method includes removing a diseased portton of a 
bk)od vessel from the patient leaving a first and sec- 
ond open end of the blood vessel, inserting a tubular 
prosthesis between the first and second end of the 
bkKxj vessel, the tubular prosthesis bejng formed 
from a textile substrate having an Intraluminal sur- 
face and a liner affbced to the Intrahimlnal surface of 
the textile substrate such that the liner renders the 
tubular prosthesis blood-tight and securing the tuk>- 
ular prosthesis to the first and second open ends of 
the blood vessel to form a continuous lumen through 
which blood may flow. 

Thus, the present inventkxi overcomee n^any of 
the shortcomings associated with prior art soft-tissue 
prostheses. The soft-tissue prostheeia formed in ao- 
cordance with the present inventton utilizes the ad- 
vanteges of both a textile prosthesis and a polymer 
prosthesis to create a composite structure having a 
smooth, fluid-tight Intraluminal surface yet provkiing 
a porous outer structure to encourage ingrowth of 
connective tissue and pronwte healing. 

A preferred form of the textile sut>strate having a 
fiukl-tight liner, aa well as other embodinf>ents, fea- 
tures and advantages of this inventton will be appa- 
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rent from the fdHowing detailed description of IBustra- 
ttve embodiments thereof, which la to be read In con- 
nection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a tubular pros- 
thesis formed In accordance with the preferred 
embodiment of the present invention; and 
Fig. 2 is a longitudinal cross-sectional view of a 
tubular prosthesis formed In accordance with the 
preferred embodiment of the present Invention. 
Fig. 3 is an illustratton of a single-velour fabric 
used in accordance with an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF T HE INVENTION 

The present invention addresses the problems 
associated with prior art textile prostheses and tubu- 
lar prostheses formed from polymers and provides a 
tubular prosthesis in the form of a composite struc 
ture including a textile substrate and a polymer lining 
affixed to an internal lumen of the substrate. The 
prosthesis formed In accordance with the present In- 
vention overcomes many of the disadvantages of pre- 
sently available conventional tubular prostheses in- 
cluding controlling the porosity at the intraluminal and 
extraluminal surfaces of the prosthesis. whHe also 
providing a prosthesis which has enhanced ravel and 
fray resistance and better suture retention capat^B- 
tles. Furthermore, the present Invention provides a 
tubular prosthesis which can be designed to have 
characteristics dosely resembling the properties of a 
natural body lumen. 

For purposes of this application, a tubular, soft- 
tissue prosthesis is defined as any artificial substl- 
tute for a natural body lumen such as a vein, artery, 
eaophagua or a bile duct Although some of the dis- 
cussion In the preferred embodiment of this invention 
describes a vascular graft, t is enwialoned that the 
composite structure including a textile substrate hav- 
ing a polymer ilning formed In accordance with the 
present invention c«i be useful as a prosthesis for 
any soft-tissue body himen. Naturally, the composite 
structure would be designed to meet the specif Jc re- 
qukements of the body lumen it is replacing. 

Referring to Fig. 1. the soft-tiasue prosthesis of 
the preferred embodiment of the present Invention 
comprises a textne supporting sleeve 2 fonned In the 
shape of a tube and a tubular polymer Ilning 4 which 
is aff bced to an internal lumen of the textile supporting 
sleeve 2. The polymer lining 4 may be aff Ued to the 
textile supporting sleeve by adhesively laminating, 
separately sewing, meltaWy f usinfl or otherwise coiv 
necting the two components. The composite struo- 
ture of the present invention 10 thus provides a soft- 
tissue prosthesis having the advantages of a textile 



prosthesis with respect to outer surface porosity, 
compliance and flexibility, yet the thin polymer lining 
4 provides a smooth, fluid-tight internal lumen tor the 
composite sturcture 10. 
3 Fig. 1 is a cross-sectional view and Figiw 2 Is a 
longitudinal sectional view of a polymer lined textile 
soft-tissue prosthesis formed in accordance wHh the 
present invention. Figs. 1 and 2 illustrate a woven tex- 
tile supportkig sleeve 2 which is woven rrom a plur- 
10 alttyofwarpends5andfillingyarn7.ThetextiIesup- 
portlng sleeve 2 may be fonned by knitting, weaving 
or braiding a tubular structure having a desired outer 
diameter to oonespond to the body lumen for which it 
is replacing. The tubular textile sleeve 2 provides the 
15 soft-tissue prosthesis with mechanical strength, su- 
turo retention, perigrafttissue attachment radial sup- 
port and kink resistance. 

As illustrated in Fig. 1. the tubular textile sukh 
strata 2 is lined with a polymer to aeate a fluk*.tight 
20 barrier titrough the lumen of the composite structure 
1 0 The liner 4 formed in accordance with the prefer- 
red embodiment Is preferably fluid-tight yet micropor- 
ous. Furthermore, the liner 4 provkles a very smooth 
inner surface which enhances fluid flow through 
25 small caliber soft-tissue prostheses. In the preferred 
embodiment the lining 4 is fbrmed from expanded 
polytetrafluoroethylene (ePTFE) although a variety 
of polymers may be used. Furthermore, it would not 
be necessary for Uie liner to have a large wall tftick- 
30 neas since It Is acting as a fhild barrier and not as a 
support structure. Accordingly, a tiiln liner of about 10 
to about 50 mterons may be used. As provtousiy de- 
scribed, the polymer liner may be affbced tothe textile 
substrate by any mechankal means such as stitching 
M or use of an adhesive. Preferably, the liner is affixed 
to the textile substrate by heat condittoning the com- 
posite structure 10 to fuse the liner 4 to the Intralu- 
minal surfece of the tubular textile substrate 2. 
The composite soft-tissue prosthesis formed in 
40 accordance with ttie present Inventton provides an 
Implantable body lumen having characteristtes whteh 
more closely resemble that of a natural body lumen 
in comparison to conventional polymer prostheses 
and textae prostheses. For example, a vascular graft 
45 formed In accordance with the present invention in- 
dudes a liner 4 which fomw the intraluminal surfece 
of tiie structure to be a smooth stffface having a low 
porosity to prevent leakage of blood and Ihe fbrma- 
tton of exceaslve thrombus on the Intraluminal sur- 
50 face. Comrersely. tiie textile sleeve 2 can be woven, 
knitted or braWed to have a greater porosity or even 

a textured surface to enhance ttw Ingrowth of con- 
nective tissue Into the vascular graft Addittenally. tiie 
vasculargraftmay beformed having a relatively small 

55 diameter 0«w P"*^* 
hanced fluW flow due to the smootii liner 4 and tissue 
ingrowth due to the porosity of the textile sleeve Z 
In a preferrod embodiment the textile substrata 
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2 may be fbrmed by weaving to crsate a velour sur- 
face. A single-valour aurface la created by a weaving 
technique deacribed in convnonly-ownad U.S. Patent 
No. 5,176,630, entitled, 'Ravel-Resistant, Self- 
Supporting Woven Oraff , the disdosure of which is 5 
incorporated herein by reference. 

Referring to Fig. 3, the textile substrate 2 may be 
woven having a yarn 6 which passes bade and forth 
through a waH or trellis of the fiibric forming a loop. 
These loops constitute the velour or pile. The loops to 
are formed on a single surface l.e. the exterior sur- 
face, to create a sln^e-velour fabric. The yarn 6 Is 
pulled tight on the Inner surface of the textile sub- 
strate to create a somewhat smooth surface. The liner 
4 of the preferred embodiment may be adhesively fs 
laminated, separately sewn, meltabiy fused or other- 
wise connected to the intraluminal surface of the sin- 
gle-velour substrata of the preferred embodiment of 
the present Invention. The woven single-velour textile 
substrate Indudes the advantagea of being Inherently 20 
kfnk resistant, strong, longftudlnalty flexible, non- 
crimped and high In suture retention. The single-ve- 
lour substrate may be woven from any type or oorrv 
binations of f ibera, induding but not limited to polyest- 
era, pdypropytenes and pdytetrafluoroethylenes. 25 

In an alternative embodiment the tubular textile 
substrate 2 may also indude a fiber comprising a 
meltable fusible material. The fusible fiber may be 
added to the textile substrata to aid in preventing rav- 
eOlng or fraying which may occur at the ends of the 30 
textile tube. In such an embodiment, the textile tube 
Induding the f ualUe fiber. Is heated to melt the fusible 
fiber onto the surrounding yarns thereby further en- 
hancing the ravel and fray resistance of the textile 
structure and providing a mora suitable structure for 35 
suturing to a natural body lumen. 

The tubular textile substrate 2 formed In accor- 
dance with the present invention may be woven, knit- 
ted or braMed from yarna, rovings. tapes or other 
stranded material. Some of the yarna nnay be bloab- 40 
sorbable white other yarns are nwraly biocompatible. 
By utIltEing non-woven tapea, such aa spunbonded 
fabric slit Into, for example, 1/16" widths, a structure 
having excellent tutwe retentkm may be formed. In 
this regard, the spunbonded tape fs readily pierced by 4$ 
a suture needle yet possesses high tear strength and 
poaitlve anchoring. 

As menttoned above, the textile substrata 2 of the 
composite soft-tissue prosthesis 10 fdrmed In accor- 
dance with the present Inventton may Indude one or so 
more yarns formed from bloabsorbable materiala. 
Suitable bioabsorbable matertals Indude but are not 
limited to pdy (glyodic add), pdy (lactic add), pdy- 
dioxanoea, pdyoxalates, poly (a-esters). pdycarbon- 
ates, pdyanhydrMes, pdyacetals, pdycaprdao- 55 
tones, pdy (orthoestere), pdyamino adds, pdyur- 
ethanaa, pdyaminocart)onatea. polyamindes, pdy 
(alkyi cyanoaaylates), sebacic acid, polyethylene 



glyod, potyphosphazene, bla (p-cartoxy-phenoxy) 
propane, bis (p-carboxyphenoxy) nMthane and copo- 
lymera and mbdurss thereof, provkled that these ma- 
terials can be formed into a fiber suitable for use with 
the knitting, weaving or braiding apparatus being 
used. 

A single or multiple bk>absortable yarn may be 
used in the textile portion of the composite sof t-tlasue 
prosthesis. Thus, the initial porosity will increase 
once the bioabsorbable material has been absorbed 
Into the body. 

In the preferred embodlnrwntof the present Inven- 
tion, synthetic yarns are used to form the textile po^ 
tkan of the composite soft-tissue prosthesis. The 
yarns may be flat, twisted, textured or pre-shrunk. 
Preferably, the yarna are n^ade from thermoplastic 
materials induding, but not limited to, polyesters, 
pdypropylenes, polyethylenes, polyurethanes and 
pdytetFafTuoroethylenes and the like. The yarna may 
be of the multifilament, monofilament or spun type. 
Multlfllamenta are prafSsned to increase flexibility. 
Where enhanced crushed resistance Is desired, the 
use of nwnof tiaments has been found to be effective. 

Additkmally, the yarn type and yarn denierfor the 
textile portion of thecomposite soft-tissue prosthesb 
may be chosen to nteet the design requirenrwnts (por- 
osity, flexibility and compliance) of the prosthesis, 
e.g. vascular graft, being formed. Yarn denier de- 
notes the linear density of the yarn (number of grams 
mass divkled by 9,000 metera of length). Thus a yam 
having a snwB denier, e.g 20, woukl correspond with 
a very fine yarn, whereas a yam having a large deni- 
er, e.g. 1000, would correspond to a heavy yam. The 
yarns used to form the textile portfon of the present 
invention may have a denier from about 20 to about 
1000, and preferably from about 40 to about 300. 

The type of yarn chosen and the denier of the 
yarn are important in order to form a soft-tissue pros- 
thesis and, more spedfically. a vascutv graft having 
proper pore aiza. Aa prevtously emphaalzed, porosity 
Is important wtien designing a vaaoular graft becauae 
the Intraluminal surface must have porea small 
enough to prevent the graft from leaklr>g blood, while 
the outer surface must have pores large enough to 
permit Ingrowth of connective tissue and promote 
healing. The composite soft-tissue prosthesis of the 
present Inventton is particularly well suited to have 
proper pore sUig on both the intraluminal surftwe 
and outer surface since the composite structure util- 
izea the beneftta of both textile and polymerio extru- 
sbn type prostheaes. Thus^ the pdymer lining 4 pro- 
vkJes a snKMth, microporous Intraluminal surface 
whkh is substantially f hiid or blood-tight Additionaily, 
the smooth intraluminal surface reduces excessive 
formatfon of thrombus and promotes fluid flow there- 
through. The outer surface is formed from a textile 
substrate 2 having porea large enough to permit con- 
nective tissue ingrowth into the soft-tissue prosthesis 
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to promote healing. Since the textile substrate Is lined 
with a thin polymer, there Is no further need to treat, 
coat or impregnate the textile substrate to make it 
leak-resistant 

In an alternative embodiment of the present in- 
vention, axial yarns may be dyed and inserted into the 
taxtile portion of the soft-tissue prosthesis. TTie col- 
ored axial yarn positioned on the outer surface of the 
prosthesis akls the surgeon during implantation to in- 
dicate whether the prosthesis is accurately aligned 
during the procedure. Preferably, the dyed axid yam 
is black In cotor, formed from yarns of 40-300 denier. 

A composite soft-tissue prosthesis fonmd in ac- 
cordance with the present Invention may be made by 
first choosing a mandrel with an outside diameter cor- 
responding to an Inside diameter of a natural body lu- 
men which is to be replaced. The mandrel preferably 
has a snmth outer surface. The liner may be pro- 
duced from expanded PTFE film or other suitable 
polymer, which has been slit Into a narrow tape (3-10 
mm). The expanded PTFE tape is wound onto the 
smooth mandrel to form the tiner. The textile sub- 
strata is made having an inner diameter dose to the 
outer diameter of the expanded PTFE liner and is 
posittoned over the liner while the liner is stiO on the 
mandrel. The entire assembly may be placed into an 
oven at a sufficiently high tenfH>^rature to fuse the 
textile substrate to the polymeric liner. Generally, this 
heat-oonditioning causes the prosthesis to shrink 
slightly and densify. The heat-conditioning parame- 
ters are chosen based upon the properties of the syn- 
thetic materials being used to form the textile sub- 
strate and the polymer lining. Typically, heat- 
conditioning is carried out at a temperature range 
from about las-^C to about 225»C using a oonvectton 
oven for a time of about twenty minutes. Other nwans 
of fusing the liner to the fabric substrata may also be 
used, such as the use of an adhesive. 

An alternative method of making the composite 
soft-ttasue prosthesis fonrwd In accordance with the 
present Invention includes formlr>g a thin wail tubular 
liner by extruding a polymer. A textile substrate is 
made having an inner diameter dose to the outer di- 
ameter of the polymeric liner. The taxtile sleeve Is 
passed over the liner and heat condittoned to fuse the 
liner within the textUe substrata. 

Yet another method of forming the composite 
soft-tissue prosthesis formed in aocordance with the 
present Invention includes dip-casting a polyurethane 
resin onto a mandrel to form the liner. The textile sub- 
strata Is dln>ensk>ned to be passed over the dlr>-cast- 
ed polyurethane liner. The composite structure is pre- 
ferably heat conditioned to fuse the textile substrate 
to the polyurethane liner. The methods for making the 
composite soft-tissue prosthesis described herein 
are nwrety illustrative of several methods of manufac- 
turing a prosthesis formed in accordance with the 
present Invention. It wilt be obvfous to those skilled in 



the art that alternath/e methods of making the conv 
postte soft-ttasue prosthesis of the present biventfon 
may be used without departing from the scope or spir- 
it of the invention. 

5 In orderfor the textile substrate and polymer liner 

to meitably fuse together, the textile substrate may be 
formed from fibers which are similar in melting tem- 
perature and bonding compatibility to that of the poly- 
mer liner. For exiunpte. the textile substrate may be 

10 made from fibers such as PTFE, ethylene cMorote- 
trafluoroethylene, fluorinated ethylene-propylene 
(prgp) or polyvinyl flouride. Alternatively, the textile 
substrate nr^ also incorporate a bl-component fiber 
having a core formed from polyethylene terephthalate 

15 polyester and a sheath formed from a resin of copo- 
lyester, polyethylene or co-polyethylene. The sheath 
of the bi-component fiber nwlts when heated and pro- 
vides enough adhesive properties to bond the textile 
substrate securely to the polymer liner. If an expand- 

20 ed PTFE liner is utilized, it has a microporous stnM> 
ture formed during stretching. Thus, the melted textile 
core of the bi-component fiber may flow Into the pores 
of the liner mechanically bonding tiie textile subatrete 
to the PTFE liner. Fusible fibers are chosen for their 

25 melt flow properties which altow for interstitial adhe- 
sion and formation of an integral composite. 

The present invention is also directed to a method 
of repairing a diseased body lumen of a patient The 
metiiod includes the steps of removing a diseased 

30 portion of the body lumen from the patient thus leav- 
ing a first and second open end of the body lumen. A 
composite tubular soft-tissue prosthesis formed in 
accordance with the present invention Is inserted be- 
tween tiie first and second end of tiie body lumen. 

35 The composite tubular prostttesis is formed from a 
textile substrata having an intraluminal surface and a 
liner affixed tiiereto to render Uie tubular prostiiesia 
fluid-tight The inserted tubular prostiiesis is secured 
to the f irst and second open ends of the body lumen 

40 to allow fluid to flow tiieretiwough. 

Although the illustrative embodiments of the 
present invention have been described herein witit 
reference to the accompanying drawings, it is to be 
understood that tiie Invention is not limited to those 

49 precise embodiments, and tiiat various other 
changes and modifkaitiona may be effected ti^erein 
by one skilled in tiw art without departing from tiie 
scope or spirit of the invention. 

50 

Claims 

1, An implantable, tubular, luminal prosthesis com- 
prising: 

55 a tubular textile substrate having an Intra- 

luminal surfoce; and 

a liner affbced to tiie intraluminal surface 
of tiie textile substrate wherein the liner is capa- 
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ble Qi rendering the tubular prosthesis substan- 
tially flutd-tlght 

2. A prosthesis as.dain^ed in daim 1, wherein the 
liner is mtcroporous and has a smooth intralumi- 
nal surface. 

3. A prosthesis as daimed in daim 1 or 2, wherein 
the liner is fbrnied from a polymer, more particu- 
larly one selected from polytetrafluoroethytenes, 
urethanes, silicones, polyesters and mbdures 
thereof. 

4. A prothesis as daimed in any preceding daim, 
wherein the liner has an inner surface and an out- 
er surface defining therebetween a wall having a 
thickness of from 10 to 50 microns (pm). 

5. A prosthesis aa daimed in any preceding daim, 
wherein the textile substrate is one of woven, 
knitted or braided form to create a tubular struc- 
ture. 

6. A prosthesis as daimed in any preceding daim, 
wt>erain the textile substrate is formed from a 
thermoplastic polymer, particularly one selected 
from polyesters, polytetrafluoroethylenes, poly* 
ethylenes, polyurethanea, poiypropylenes and 
mixtures thersof. 

7. A prosthesis as daimed In any preceding daim, 
wherein the textile substrate Indudes fibres hav- 
ing a melting temperature and bonding compati- 
bility substantially similar to the material from 
which the liner is formed. 



an outer surface of the tiner, the liner and the tex- 
tile substrate being formed from materials which 
have a similar melting temperature and bonding 
compatibility; 

5 heating the liner and textile substrate to a 

temperature sufficient to melt at least a portion of 
one of the textile substrate and liner and 

cooling the textile substrate and liner 
thereby fusing the liner to the textile substrate. 

to 

12. A process for produdng a tubular luminal pros- 
thesis, comprising the steps of: 

forming a tubular PTFE liner; 
positioning a tubular textile substrate over 
f 5 an outer surface of the liner, the textile substrata 
including a meltable yarn having a melting tem- 
perature tower than expanded PTFE; 

heating the textile substrate and liner to a 
temperature sufficient to cause the yarn to melt 
20 and to flow Into the pores of the linen and 

allowing the textile substrate and liner to 
cool, thereby fusing the liner to the textile sub- 
strate. 

25 
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8. A prosthesis as daimed In any preceding daim, 
wherein the textile substrate indudes a fusible fi- 
bre having a low melting temperature, bwer than 
that of other fibres In the textile substrate such 40 
that, when heated, the fusible fibre fuses to the 
liner. 



9. A prosthesis as daimed In daim 8, wherein the 
liner contains micropores and wherein the fusible 4$ 
fibre has melt flow properties which allow the 
melted Vim to flow into the microporee of the 
liner, thereby securing the liner to the textile sub- 
strate. 

50 

10. A prosthesis aa daimed In any preceding daim, 
whersin the textile substrate Is a woven single- 
vek)ur tubular structure. 



11. A process for producing a tubular luminal pros- 55 
thesis, comprising the steps of: 

forming a tubular polymeric liner 
positioning a tubular textile substrate over 
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